This article assesses the combined influence of information integration and automated data analytics on project performance. To this end, retrospective data on 78 completed projects, with a total installed value of $8 billion, was collected. The level of internal and external information integration and automated analytics were used as surrogates of real-time project controls for statistical analyses purposes. Indeed, non-parametric statistical techniques were used to assess the impact of such technologies on cost and schedule performance. Overall, teams with a sophisticated degree of information integration and automated data analytics can control their projects with more reliable information and in a proactive manner so that informed decisions can be timely made on behalf of the project and the organization. DOI 10.5592/otmcj.2015 Ye et al. 2014; Grau and Back 2015) . The performance of construction projects deviates all too often from baseline targets and/or plans. However, such deviations are commonly not timely ascertained by project teams, so that corrective actions are often too late or ineffective. Surprises regarding the cost and schedule outcomes at completion during advance or late construction stages are common (Back and Grau 2013). Part of this record of low performance can be attributed to the ineffective control of the project status condition. Typically, controls information on the status of a project is first reported on a monthly basis, and the control information escalates through chains of management at stakeholder organizations during consecutive reporting efforts. In this study, we have documented cases in which upper managers were making decisions on project information that was six months old. This inability to become proactive, rather than reactive, impairs the decision making process and the ability to deliver projects with the expected cost and time outcomes (Grau and Back 2015) . We have found that construction experts consensually understand that an instantaneous, or at least timely, project control capability can be a significant improvement and can result in substantial benefits to project performance and project stakeholders. Thus, a potential solution, which becomes the focus of this study, is to leverage advanced information technologies to control projects in a more timely, or instantaneous, manner.
INTRODUCTION
Despite advancements in construction technology, project management strategies and information systems, the performance of capital projects remains a major issue. The importance of project controls becomes evident after examining construction project risks and uncertainties (Rozenes, 2006) . Perhaps the construction industry more than others is susceptible to risks due to the complexity, uncertainty, dynamism, and inherent defragmentation (Thompson and Perry, 1992; Nieto-Morote and Ruz-Vila, 2011) . As a consequence, time and cost deviations are still a common realty in the delivery of capital projects (Toor and Ogunlana 2008) .
Indeed, cost and schedule deviations at completion, relative to baseline values, are endemic in the construction industry (Ibbs 2013; Mulva and Dai 2012; Gunduz and Hanna 2005; Chang 2002; Ye et al. 2014; Grau and Back 2015) . The performance of construction projects deviates all too often from baseline targets and/or plans. However, such deviations are commonly not timely ascertained by project teams, so that corrective actions are often too late or ineffective. Surprises regarding the cost and schedule outcomes at completion during advance or late construction stages are common (Back and Grau 2013) . Part of this record of low performance can be attributed to the ineffective control of the project status condition. Typically, controls information on the status of a project is first reported on a monthly basis, and the control information escalates through chains of management at stakeholder organizations during consecutive reporting efforts. In this study, we have documented cases in which upper managers were making decisions on project information that was six months old. This inability to become proactive, rather than reactive, impairs the decision making process and the ability to deliver projects with the expected cost and time outcomes (Grau and Back 2015) . We have found that construction experts consensually understand that an instantaneous, or at least timely, project control capability can be a significant improvement and can result in substantial benefits to project performance and project stakeholders. Thus, a potential solution, which becomes the focus of this study, is to leverage advanced information technologies to control projects in a more timely, or instantaneous, manner.
In reality, though, the adoption of new technologies in the capital projects industry has been slower than in other industries, such as manufacturing. Too often the return on investment of information technologies is not evaluated due to the perceived difficulty of such evaluation effort (Johnson and Clayton, 1998) . As such, the capital projects industry needs to quantify the costs, benefits, and business implications of real-time project controls with the support of information technologies. For similar reasons several other scholars have attempted to partially identify and quantify the benefits from the adoption of these technologies, and understand whether information technologies can positively impact project performance.
In response to the above challenge, the research herein contributes to the body of knowledge by providing a practical understanding of the effect of information integration and automated analytics capabilities in support of the updated control of project cost and schedule performance. Recent research in the field of monitoring and controls have ranged from productivity improvements (Grau & Caldas, 2009; Choo et al., 1999) , forecasting (Barraza et al., 2000; Kim & Reinschmidt, 2009 ), or automation (Grau et al., 2012; Azimi et al., 2011) . Despite these endeavours, project managers and contractors are still struggling with tracking and controlling projects in an accurate and timely manner (Elbeltagi and Dawood, 2011) . The understanding of impacts from information integration and automated analytics, if any, on project performance can allow management to realize the benefits of implementing such technologies, and hence support decisions on whether or not to incorporate new technologies in order to streamline the stagnant project reporting process.
Background
Both academics and practitioners have expressed their interest in improving capital project performance by addressing the problem of time lag between current project status and control information reports. Cabano (2003) , based on survey research, concluded that there is stagnation or even decline in project control capability. The survey results indicated that only 25% of owners and contractors are satisfied with the current state of their project control practices. Project managers and contractors are still struggling with tracking and controlling underlying issues that directly or indirectly affect performance (Elbeltagiand Dawood, 2011) . Despite advancements in project management strategies and information technologies, the performance of capital projects remains a major issue. The accurate and timely control of project cost and schedule performance is of upmost importance in today's ever competitive industry landscape.
Indeed, the timely delivery of information plays a crucial role in achieving project objectives because it enables appropriate decision-making (Rojas, 1999; Abudayyeh, 2001) . Around 50-80% of the issues affecting construction sites are attributed to missing and/or delayed information access (Howell and Ballard, 1997; Thomas et al., 1997) . The more the delay in the identification of performance issues or issues affecting performance, the more challenging, unfeasible, and costly that is to apply corrective actions. It is estimated that 12.4% of project resources are depleted due to late delivery of information to the decision authority, defective materials, and/or rework late in the construction phase (Burati et al., 1992) . Arnold & Javernick-Will (2012) found that data re-entry is the most common source of inefficiency in the use of construction project management information and software systems. Manual data collection is expensive, error prone, and inaccurate (Navon & Sacks, 2007; Navon & Shpatnitsky, 2005; Grau and Caldas 2009 ). Russell and Fayek (1994) stated that collected construction data are inaccurate to a large extent.
Automated data-collection, analysis and reporting methods have been devised as a partial solution to the stagnant project controls capability (Rebolj et al., 2008) . Back and Bell (1995) showed, through a simulation technique, that internal information integration in industrial capital projects could improve both project cost and time outcomes. Griffis et al. (1995) studied the effects of 3D CAD models on project cost, schedule, and rework and found improvement in the three performance facets. Johnson and Clayton (1998) suggested that team productivity and management procedures may improve by adopting information technologies. Back and Moreau (2000) indicated that information integration within and across organizational boundaries can reduce project time and cost at completion. One of the first efforts to quantify the benefits of information technology adoption was by Thomas et al. (2001) . The authors evaluated the impact of design/information technology (D/IT) adoption on project performance metrics such as cost, schedule, and safety. Specifically four technologies were analyzed: (1) integrated database; (2) electronic data interchange (EDI); (3) three-dimensional (3D) information; and (4) computer-aided design (CAD) modeling and bar coding. The authors contended that such technologies can improve project cost and schedule performance. Furthermore, Thomas et al. (2004) (2004) . The analysis showed that one unit of technology improvement can increase schedule performance by 5% and cost performance by 3%. Kang et al. (2008) concluded that owner companies experience 2% improvement in cost growth and 17% improvement in schedule growth through the incorporation of information technologies. Zhai et al. (2009) showed that construction labour productivity is positively related to the use of automation and integration technologies.
Data Collection
An initial survey was designed and disseminated regarding near real-and real-time control practices. The results revealed that lack of information integration and automated data analytic technologies were key components to real-time project controls. Incidentally, CII Benchmarking and Metrics (BM&M) database of completed projects characterizes, for each completed project and through a 5-point Likert scale, the maturity of internal and external information integration as well as automated data analytics. Thus, these two technologies (information integration and automated data analytics) were used in this study as surrogates of real-time project controls for statistical analysis purposes. Information integration is defined as an information tool that enables the seamless communication of data and information to the organization (internally) or/and to project stakeholders (externally). Automated data analytics is defined as the automation of the analysis of raw data in order to generate information.
In each project within the BM&M database, automation and integration maturity assessments were defined at each phase of the project, while schedule and cost performance information were defined not only for each phase but also at project completion. A single index of technology maturity consistent with the levels of internal and external integration and automated analytics was defined. For statistical comparison purposes, the sampled projects were grouped into high level of automation/integration and low level of automation/integration. Projects with a high level of automation/integration were defined with a score of 3.5 to 5, and projects with a low level of automation/integration Contractor had a maximum score of 2.5. Projects with intermediate scores between 2.5 and 3.5 were not considered so that the disparity between the two other groups could be evident. A sample of 78 projects with a total installed cost of $8 billion was used for statistical analysis purposes. Both owner and contractor completed projects were sampled (Figure 1) .
Most projects in the sample were performed in the light and heavy Industrial sector and were located in North America. The majority of the 78 projects had been delivered though Design-Bid-Build, DesignBuild, (or Engineering-ProcurementConstruction), and Parallel Primes. The top project business drivers were Operability and Capacity. The project driver for half of the reported projects was both cost and schedule, while the driver for the other projects was either cost or schedule. In terms of contract types, the presence of cost reimbursable and lump sum contracts was prevalent across project phases. Most projects were defined as either grassroots or modernization (Figure 2 ).
Findings
The non-parametric Mann-Whitney test was used in order to determine the significance of the cost and schedule performance difference on projects with high and low level of technology maturity. Although the results were not statistically significant, such results indicate that the seamless communication of information and the ability to generate automated, and hence ondemand, reports can eventually result in large impacts on cost and schedule performance. The results (see Table  1 ) show that, on average, integration and automation technologies result in improved cost and schedule performances. For instance, higher levels of information integration and automated analytics improve project cost performance at completion by 3.34%. Also, the reader should notice that there is a stronger positive relationship between integration and automation practices and schedule performance than cost performance.
Conclusion
This study assessed the impact of information aspects related to internal and external integration, and to automated analytics on the final performance of capital projects. Even though the results were not statistically significant, it seems clear from the results that such positive impact can be realized. Additional facets of this study actually characterized that even though such information facets are a critical when optimizing the project controls function, the range of aspects to be attained covered, in addition to controls, organizational behavior and advanced information technology aspects. For instance, work packaging becomes essential in order for project teams to be able to retrieve the required information through estimating, design, and construction, so that information is available to make informed in reliable decisions accross project functions. For instance, we documented that decision makers with accurate and timely information are able to benefit projects, portfolios of capital investment projects, and their organizations alike. Currently, a gap in the reporting cycle exists, so that decisions are made on outdated information. Further research efforts should investigate the impact of information integration and automated analytics by project phase. 
